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METHOD AND DEVICE FOR ODNDUCTING CAWYTIC REACTION IN 
SHELL-AND-TUBE FIXED BB3 REACTOR 

The present invention relates to a new heat exchange mode In a 
high-temperature shell-and-tube fixed bed reactor. 

The cataiytic reaQtion having relatively greater heat effect Is generally carried 
out in a shell-and-tube reactor, wherein the effective hsat exchange mode 
enables a large amount of reaction heat to shift out of the catalyst bed layer In • 
time, so that avoiding the accident of catalyst agglomeration. 

At home and abroad, molten salt is generally used as a heat exchange 
medium in shell-and-tube reactor at high temperature (see, Basic Organic 
Chemical Engineering, Hanjln University, 1976, People's Education Press), 
the object of shilling heat is achieved through forced flow of molten salt among 
tubular bundle. However, molten salt is drfficuft to flow and has a low haat 
supply coefficient, thus, a relatively greater temperature difference both in axial 
and radial is resulted sometimes. Moreover, molten salt Is highly con-osive at ■ 
high temperature; If the corrosion results in leakage, a malignant explosion 
ac;cldent will occur. Further, a pump of molten salt Is expensive, thus It needs a 
relatively higher Investment cost when a molten salt system Is used for heat 
exchange. 

Afterward, Jing. Yong. at al put forward a method and a device for conducting 
fluldizing heat exchange in a shell-and-tube fixed bad reactor (see, Jin, Yong, 
et al, 'A Fixed Bed Reactor with Fluldlzed Bed Type Heat Exchange", 
Chemical Engineering, 1979, No. 1). The method comprises carrying out . 
catalytic reaction In a shelf-and-tube reactor, wherein catalyst is packed in 
each reaction tube; subject tubes to heat exchange by using a gas-solid 
fluldlzed bed; and removing heat via tluldized gas and partially circulated solid 
particulate, whereby controlling the reactor's temperature. The specific frame 
of the method Is given in Fig. 1, 2 and 3; Fig. 1; a process schdme of the 
reactor and its auxiliary facilities: Fig. 2: arrangement fonn of multi-tube type 
gas distributor Jnsfds the reactor: and Fig. 3: stmoturei fomi of multi-tube type 
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gas distributor, (n Fig. 1 , [2] is the main body of the shell? and-tube fTxed .bed 
reactor; tube [10] is packed with catalyst, which Is useful for catalyzing 
chemical reaction. The reactive gas (feed gas) enters from a Venturi4ype Inlet 
gas distributor [6] on the top of the reactor and flows from top to bottom aiong 
the hjbes to carry out catalytic reaction, and finally flows out of the outlet [12]. 
Solid particulate Is packed among the tubes for fluidlzlng heat exchange, which- 
amount Is determined according to the practical process situation. The tubes in 
the reactor are fixed with figured pattern card [9); the fluidlzlng gas (e.g., air) 
passes through a flukiizing gas distributor [&], enters the space among the 
tubes from top to bottom to conduct heat exchange, then its heat Is recovered 
by a waste heat boiler [1], and solid particulate carried thereby is recovered by 
a cyclone separator [4] before the gas is discharged; the recovered solid 
particulate can be stored In a mkJdIe storage tank [5], or added to the reactor 
via a feed device [7]. The present Invention is designed as non-circulating type 
or partially circulating type according to the process requirement. Thereforj a 
storage tank [3] for circulating solid particulate Is Installed at lower side of the 
reacton the circulating particulate Hows out of the reactor. Is air hoisted, and 
stored In the middle storage tank [5] after being dedusted by the cyclone 
separator [4], and then enters the reactor via the feed device [7], so that 
accomplishing partial cirouiation. The circulating storage tank [3] also serves 
for the purpose of discharging the solid heat exchenge medfum whan the 
reactor Is shut down. 

The fluidizlng gas distributor [S] is a main element of the device; bearing the 
tasks of uniformly distributing gas and providing good initial fluidlzlng 
conditions, and shall be rationally selected and designed for meeting the 
requirement of normal fluidlzlng operation. In view of the feature of the 
shell-and-tube fixed bed reactor having a great number of tubes, a multi-tube 
gas distributor is used. Fig. 2 Is the arrangement form, of the multi-tube gas 
distributor and tha tubes fn the reactor; the ftuidizing gas firstly enters a 
gathering tube [13] via two sides of the reactor and then respectively branches 
[16] of the gas dlstdbuton and ejects downward. The part of branches of the 
gas distributor has a staicture as shown In Fig, 3, which Is characterized In that 
the gas outlets are at underside of the branches; the gas is firstly ejected 
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Upward to the fluWfzIng . bed layer, penetrates the bed. ^ayer tilf a certain 
thickness, and then returns downward to bubble through a particulate bed 
layer. For avoiding the entrance of particulate to the tubes of the gas distributor 
to cause dog when the reactor is shut down, Ihe outlete of the branches of the 
gas distributor are spools [14]. 



The above method and device for conducting fluidizing heat exchange in a . 
shell-and-tube fixed bed reactor not only retain the advantages of relatively 
higher conversion and yield possessed by a fixed bed reactor, but also avoid 
the shortcoming of heat exchange with molten salt However, since the method 
makes no specific requirement on the data for designing the gas distributfoa it 
is yet to be further perfected. 

The object of the present Invention Is to further pertect the above method and 
device, for further exploiting the advantages thereof and better applying them 
in Industrial practieep 



The present Invention relates to a method for conducting catalytic reaction M a 
sheH-and-tube fixed bed reiactor, wherein each tube of the reactor is packed 
with catalyst; heal exchange among the tubes Is conducted via a gas-solld 
fluldizing bedi and heal is removed by a fluidizing gas or partialJy circulated 
particulate so that the reaction temperature fs controlled; which is 
characterized in that the solid particulate among the tubes fs spherical silica ' 
gel, metal aluminum powder or grit, having an average diameter of 80-120 p. 
and a sphericity of > 0.95; and the gas distn'butor has a pressure drop of 
0.5-0.6 time based on that of the bed layer. 

By using the solid particulate meeting above requirements, an excellent 
fluidizing quality can be assuredly obtainad, and the efficiency of fluidrzing heat 
exchange can be Increased. To Insure the gas distribution unlfonn, the gss 
distributor shall have a certain pressure drop; that Is. the selection of a suitable 
gas distribution pressure drop Is crucial for designing the distributor The 
pressure drop for the gas distributor Is calculated as foJlows: 



PA6E46/5t*RCVDAT1Qlimi2:59:2SPM[EastemDaylightTim^^ 



10/13/2004 12:12 FAX G51 899 7901 Robert J. Jacobson 121047/050 



APdtdtributor » (0.6-0. 8)Hopaiaek 

wher^n, Hopsuc^t is pressure drop of the bed layer; 

Ho is static height of the fluldizing bed; 

PaiDdc Is s<ack specific weight. 

In order to accomplish the method for conducting catalytrc reaction in a 
$hefl-and-tubd fUed bed reactor, the present Invention designs a 
shell-and-tube fixed bed reaotor with fluidfzed bed type heat exchange, 
wherein solid particulate l3 paclced among the tubes, a muftl-tube type gae 
distributor [81 is fixed at the lower part, and the outlets of the branches of the 
gas distributor are spoole [14]; which Is characterized in that the percentage of 
open area of the gas distributor Is 0.5-0.6%, the pore Interval Is 80-120 mm, 
and the tube Interval (see Fig. 2) Is as follows: 

ti = (1.6-2.5)d, t2 = (1.25-1.75)d, wherein d is diameter of the tube. 

The design of the gas distributor is crucial point of the present invention, and a 
good fiuldlziing heat exchange effect will be obtained by using the gas 
distributor provided in the present invention. 

The present Invention aJso relates to an improvement on the branches of the 
gas distributor, I.e., a kind of double*plpe branches is used. The doubie-pipe 
branches of the gas distributor are shown in Fig. 4, wherein [16] is* gas 
distributor branch, which consists of outer sleeve [18], inner sleeve [19], and 
joint [20J. The Inner sleeve [19] has upward opening [17] thereon, and the 
outer sleeve [18] has downward opening [15] thereon. The gas enters the 
Inner sleeve [19] via the joint [20], flows out from the opening [17], and then 
downward to the fluldizing bed layer via the opening [15] of the outer sleeve 
[18]. This kind of structure brings about same effect as spools [14]. 

Example 

In the process of producing Isonicotinyl hydrazide. 4-oyanopyridlne is prepared 
in a shell-and-tube fixed bed reactor of *16 m, wherein 637 tubes. having an ' 
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outer diameter of 32 mm and an inner diameter of 25 mm are Installed, eaoh of. 
the tubes is packed svlth spherical silica gel partlofss of dp s 3 mm^ the 
distributor Is multi-tube type down-blow one, which has a percentage of open 
area of 0.6%, a pore interval of 100 mm. and a tube interval of U - 70 mm and 
t? =» 45 mm, whereby the gas distribution I's assured uniform; the gas 
distribution pressure drop Is 1,500 mm (HaO); the reactor is operated at 360=0; 
and the fluldizlng linear velocity of the heat exchange medium rs 0.3 m/s. \n 
this case, the production capacity of 4-cydnopyrldine Is up to 2.0O0 t/a, 

The reactor of the present Invention not only retains the origlnal.advantagesof 
fixed bed reactor, l.e., relatively higher conversion and yield, but also saves a 
farge amount of investment and is featured with simple operation by using a 
heat exchange mode of a fluldizing bed Instead of the commonly used molten 
salt. Due to the relatively higher heat transfer coefficient, the temperature 
Inside the reactor is uolform, the temperature difference both in axial and radial 
is less than 5*C, whereby avoiding the agglomeration of catalyst due to 
non-uniform heating and topical superheating, so that the use life. of catalyst is 
extended. As for a catalytic reaction that generates side-products, the uniform 
temperature in the reactor is beneficial for Inhibiting the occun^nce of 
side-reaction, so that the product yield, the conversion and the product quality 
are increased. 
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CLAIMS 

1. A method for conducting catalytte reaction In a shell-and-tube fixed* bed 
reactor, wherein each tube of the reactor is packed with catalyst; heat 
exchange among tha tubes i$ conducted vfa a gas-solid flufdlzlng bed; and 
heat Is removed by a f?uldlang gas or partially circulated particulate so that 
the reaction temperature is controlled; which Is charactertzed in that the 
solid particulate among the tubes is spherical silica gel having average ' 
diameter of 60-120 ^ and a sphericity of > 0.95; and the gas distributor has 
a pressure drop of 0.&*0.a time based on that of the bed layer. 

2. A method for conducting catalytic reaction in a aheli-and-tube fixed bed 
reactor according to claim 1, which is characterized in that the solid . 
particulate among the tubes is metal aluminum powder. 

3. A method for conducting catalytic reaction in a shell-and-tube fixed bed 
reactor according to cialm 1 , which is characterized in that the solid 
particulate among the tubes Is grit. 

4. A shell-and-tube fixed bed reactor with fluldized bed type- heat exchange, 
wherein solid particulate Is packed among the tubes* a multi-tube type gas 
distributor {8J is fixed at the lower part, and the outlets opening downward • 
of the gas distributor are spools [UJ; which Is charactertzed In that the 
percentage of open area of the gas distributor Is 0.6-0.6%, the pore Interval 
is 80-1 20 mm, and the tuba interval is as follows: 

U =»(1.S-2.S)d, t2 = (1.25-1 .7a)d, wherein d Is diameter of the tube. 

5. A reactor according to claim 4. which Is characterized in that tiie gas : 
distributor has double^lpe branch, that consists of outer sleeve [18], inner 
sleeve [19], and joint poj; the inner sleeve [19] has upward opening [17] 
thereon, and the outer sleeve [18] has downward opening [15] thereon.- 
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ABSTRACT 



A method and a device f6r conducting catalytic rQactlon In a shell-and-tube 
fi)ced bed reactor, which relates to a new heat exchange mode of a high 
temperature shell-and-tube fixed bed reactor In the method of the present 
invention, the solid particulate that conducts gas-sotid fluldizi'ng heat exchange 
among the tubes of the fixed bed reactor Is spherical silica gel, metal aluminum 
powder or grit, which has an average diameter of 60-120 and a sphericity of 
> 0.95; and the gas distributor has a pressure drop of 0,5-0.8 time based on 
that of the bed layer. In the device of the present Invention, the gas distributor 
has the optimum perDsntage of open area, pore Interval and tube interval. The 
use Iffe of the catalyst Is extended, the investment is saved, and the product 
yield, conversion and quality are Increased. 
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